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(54) SENSOR

(57) According to one embodiment, a sensor in-
cludes a fixed member, a movable member, a first coun-
ter electrode, a second counter electrode, a first resist-
ance element, a second resistance element, and a con-
trol device. The control device includes a controller. The
controller performs a first correction operation in a state
where the movable member does not receive an external
force. In the first correction operation, the controller caus-
es the movable member to generate a first vibration. In

the first correction operation, the controller derives a first
correction value based on a first detection result of a first
component and a second detection result of a second
component. The first correction value includes at least
one of a first resistance correction value, a second re-
sistance correction value, a first voltage correction value,
or a second voltage correction value such that the mov-
able member vibrates along the first direction.
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Description

FIELD

[0001] Embodiments of the invention generally relate
to a sensor.

BACKGROUND

[0002] For example, there is a sensor with a MEMS
(Micro Electro Mechanical Systems) structure. It is de-
sired to improve the accuracy of the sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003]

FIG. 1 is a schematic plan view illustrating a sensor
according to an embodiment; and
FIG. 2 is a schematic cross-sectional view illustrating
the sensor according to the embodiment.

DETAILED DESCRIPTION

[0004] According to one embodiment, a sensor in-
cludes a fixed member, a movable member, a first coun-
ter electrode, a second counter electrode, a first resist-
ance element, a second resistance element, and a con-
trol device. The movable member is supported by the
fixed member. The movable member includes a first elec-
trode and a second electrode. A first direction from the
fixed member to the first electrode crosses a second di-
rection from the fixed member to the second electrode.
The first counter electrode faces the first electrode. A
position of the first counter electrode with respect to the
fixed member is fixed. The first counter electrode and the
first electrode form a first comb-teeth electrode pair. The
second counter electrode faces the second electrode. A
position of the second counter electrode with respect to
the fixed member is fixed. The second counter electrode
and the second electrode form a second comb-teeth
electrode pair. The first resistance element includes a
first end and a first other end. The first other end is elec-
trically connected to the first counter electrode. The first
resistance element has a first resistance value. The sec-
ond resistance element includes a second end and a
second other end. The second other end is electrically
connected to the second counter electrode. The second
resistance element has a second resistance value. The
control device includes a controller. The controller is con-
figured to apply a first voltage to the first end and a second
voltage to the second end. The controller is configured
to perform a first correction operation in a state where
the movable member does not receive an external force.
In the first correction operation, the controller is config-
ured to cause the movable member to generate a first
vibration. The first vibration includes a first component in
the first direction and a second component in the second

direction. In the first correction operation, the controller
is configured to derive a first correction value based on
a first detection result of the first component and a second
detection result of the second component. The first cor-
rection value includes at least one of a first resistance
correction value for the first resistance value, a second
resistance correction value for the second resistance val-
ue, a first voltage correction value for the first voltage, or
a second voltage correction value for the second voltage
such that the movable member vibrates along the first
direction.
[0005] Various embodiments are described below with
reference to the accompanying drawings.
[0006] The drawings are schematic and conceptual;
and the relationships between the thickness and width
of portions, the proportions of sizes among portions, etc.,
are not necessarily the same as the actual values. The
dimensions and proportions may be illustrated differently
among drawings, even for identical portions.
[0007] In the specification and drawings, components
similar to those described previously in an antecedent
drawing are marked with like reference numerals, and a
detailed description is omitted as appropriate.

First Embodiment

[0008] FIG. 1 is a schematic plan view illustrating a
sensor according to an embodiment.
[0009] FIG. 2 is a schematic cross-sectional view illus-
trating the sensor according to the embodiment.
[0010] As shown in FIG. 1, a sensor 110 according to
the embodiment includes a fixed member 10F, a movable
member 10, a first counter electrode 21E, a second coun-
ter electrode 22E, a first resistance element R1, a second
resistance element R2, and a control device 70.
[0011] As shown in FIG. 2, the fixed member 10F is
fixed to the base 10s, for example. The movable member
10 is supported by the fixed member 10F. In this example,
the sensor 110 includes support member 10S. The sup-
port member 10S is deformable. A portion (for example,
an end) of the support member 10S is supported by the
fixed member 10F. Another portion (e.g., another end)
of the support member 10S supports the movable mem-
ber 10. The support member 10S is, for example, a spring
mechanism.
[0012] As shown in FIG. 2, a direction from the base
10s to the fixed member 10F is defined as a Z-axis di-
rection. A gap G1 is provided between the base 10s and
the movable member 10.
[0013] One direction perpendicular to the Z-axis direc-
tion is defined as an X-axis direction. A direction perpen-
dicular to the Z-axis direction and the X-axis direction is
defined as a Y-axis direction.
[0014] The fixed member 10F, the movable member
10, the first counter electrode 21E, the second counter
electrode 22E, and the like are included in the sensor
element 10U. The sensor element 10U is, for example,
a "gyro element". In FIG. 2, the first counter electrode
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21E and the second counter electrode 22E are omitted.
[0015] As shown in FIG. 1, the movable member 10
includes a first electrode 11E and a second electrode
12E. A first direction D1 from the fixed member 10F to
the first electrode 11E crosses a second direction D2
from the fixed member 10F to the second electrode 12E.
In one example, the first direction D1 is orthogonal to the
second direction D2. The first direction D1 may be, for
example, the X-axis direction. The second direction D2
may be, for example, the Y-axis direction. The first direc-
tion D1 and the second direction D2 are along the X-Y
plane.
[0016] The movable member 10 is, for example, con-
ductive. The movable member 10 may include a plurality
of electrodes 10E. The first electrode 11E and the second
electrode 12E are included in the plurality of electrodes
10E.
[0017] As shown in FIG. 1, the first counter electrode
21E faces the first electrode 11E. The position of the first
counter electrode 21E is fixed with respect to the fixed
member 10F. For example, the first counter electrode
21E is fixed to the base 10s. The first counter electrode
21E and the first electrode 11E form a first comb-teeth
electrode pair 11T.
[0018] As shown in FIG. 1, the second counter elec-
trode 22E faces the second electrode 12E. The position
of the second counter electrode 22E with respect to the
fixed member 10F is fixed. For example, the second
counter electrode 22E is fixed to the base 10s. The sec-
ond counter electrode 22E and the second electrode 12E
form a second comb-teeth electrode pair 12T.
[0019] The first resistance element R1 includes a first
end ep1 and a first other end cp1. The first other end cp1
is electrically connected to the first counter electrode
21E. In this example, a wiring Lr1 electrically connects
the first other end cp1 to the first counter electrode 21E.
For example, the first end ep1 is electrically connected
to the control device 70. In this example, the first end ep1
is electrically connected to the control device 70 via a
wiring Lc1. The first resistance element R1 has a first
resistance value. The first resistance value may be var-
iable.
[0020] The second resistance element R2 includes a
second end ep2 and a second other end cp2. The second
other end cp2 is electrically connected to the second
counter electrode 22E. In this example, a wiring Lr2 elec-
trically connects the second other end cp2 to the second
counter electrode 22E. For example, the second end ep2
is electrically connected to the control device 70. In this
example, the second end ep2 is electrically connected
to the control device 70 through a wiring Lc2. The second
resistance element R2 has a second resistance value.
The second resistance value may be variable.
[0021] The control device 70 includes a controller 74.
The controller 74 includes, for example, a processor 75
and a driver 76. For example, the processing result of
the processor 75 is supplied to the driver 76. The driver
76 outputs various voltages and the like based on the

processing result. The various voltages include electrical
signals. For example, the controller 74 is configured to
apply the first voltage Vdc1 to the first end ep1 and the
second voltage Vdc2 to the second end ep2.
[0022] The controller 74 is configured to perform a first
correction operation in a state where the movable mem-
ber 10 does not receive an external force. As will be de-
scribed later, the controller 74 is configured to perform a
detection operation. In the detection operation, an exter-
nal force applied to the movable member 10 is detected.
By performing the first correction operation, a detection
operation with higher accuracy is possible.
[0023] In a first correction operation, the controller 74
causes the movable member 10 to generate a first vibra-
tion. The first vibration of the movable member 10 in-
cludes a first component in the first direction D1 and a
second component in the second direction D2.
[0024] In the first correction operation, the controller
74 derives a first correction value Vx1 based on the de-
tection result of the first component (first detection result)
and the detection result of the second component (sec-
ond detection result).
[0025] The first correction value Vx1 includes at least
one of a first resistance correction value for the first re-
sistance value, a second resistance correction value for
the second resistance value, a first voltage correction
value for the first voltage Vdcl, or a second voltage cor-
rection value for the second voltage Vdc2 such that the
movable member 10 oscillates along the first direction
D1.
[0026] The controller 74 derives such a first correction
value Vx1 in the first correction operation. The controller
74 uses the derived correction values to correct the op-
erating conditions for the detection operation. As a result,
detection results with higher accuracy can be obtained.
[0027] In the first correction operation, the direction of
the first vibration may be any direction. In one example,
the direction of the first vibration can be close to the first
direction D1.
[0028] For example, the shape of at least one of the
first comb-teeth electrode pair 11T or the second comb-
teeth electrode pair 12T may include unintended errors
due to errors in the manufacturing process. Due to such
errors, the vibration of the movable member 10 may in-
clude unintended errors. For example, in a state where
the movable member 10 should vibrate parallel to the
first direction D1, the vibration may include a component
in another direction. Similarly, for example, in a state
where the movable member 10 should vibrate parallel to
the second direction D2, the vibration may include a com-
ponent in another direction. Such other direction compo-
nents may lead to inaccurate results of the sensing op-
eration. For example, when multiple controls are per-
formed in the detection operation, control interference
may increase due to errors.
[0029] In the embodiment, the above first correction
operation is performed. The first correction value Vx1 is
obtained by the first correction operation. The condition
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of the detection operation is corrected based on the ob-
tained first correction value Vx1. This suppresses the in-
fluence of the error even when there is an error as de-
scribed above. For example, control interference can be
suppressed. According to the embodiment, it is possible
to provide a sensor capable of improving accuracy.
[0030] The first correction value Vx1 may be stored in
the memory 75M (see FIG. 1). The correction may be
performed based on the first correction value Vx1 being
stored. The memory 75M may be included in the sensor
110. The memory 75M may be provided separately from
the sensor 110.
[0031] The first correction value Vx1 includes a first
angle θ1 between the direction of the first vibration in the
first correction operation and the first direction D1. For
example, the first angle θ1 is derived based on the de-
tection result of the first component (first detection result)
and the detection result of the second component (sec-
ond detection result). The derivation is performed by the
controller 74, for example.
[0032] In the embodiment, the first absolute value of
the angle between the direction of vibration caused by
at least one of the first resistance correction value, the
second resistance correction value, the first voltage cor-
rection value, or the second voltage correction value and
the first direction D1 is equal to or less than the first
threshold value. The vibrations (corrected vibrations)
with the above various correction values derived by the
first correction operation substantially are along the first
direction D1. The difference between the corrected vi-
bration direction and the first direction D1 is reduced to
the first threshold value or less. For example, the influ-
ence of the error is suppressed below a threshold value.
Detection with high accuracy is possible.
[0033] In the embodiment, the first electrode 11E and
the second electrode 12E can be mutually replaced. The
first direction D1 and the second direction D2 can be
mutually replaced.
[0034] At least one of the first resistance element R1
or the second resistance element R2 is a variable resist-
ance element. In this example, both the first resistance
element R1 and the second resistance element R2 are
variable resistance elements. The resistance value of the
first resistance element R1 changes according to the first
control signal SR1 supplied to the first resistance element
R1. The resistance value of the second resistance ele-
ment R2 changes according to the second control signal
SR2 supplied to the second resistance element R2.
[0035] Integrated circuits, for example, may be used
as the first resistance element R1 and the second resist-
ance element R2. The first resistance element R1 and
the second resistance element R2 may be provided, for
example, on the base 10s to which the fixed member 10F
is fixed.
[0036] In this example, a first adder SU1 is provided.
One end of the line Lc1 is connected to one of the plurality
of inputs of first adder SU1. The other end of the wiring
Lc1 is connected to control device 70. A first AC voltage

Vac1 (AC signal), which will be described later, is sup-
plied to another one of the plurality of inputs of the first
adder SU1. The first end ep1 is electrically connected to
the control device 70 via the first adder SU1 and the wiring
Lc1.
[0037] In this example, a second adder SU2 is provid-
ed. One end of the line Lc2 is connected to one of the
plurality of inputs of the second adder SU2. The other
end of the wiring Lc2 is connected to control device 70.
A second AC voltage Vac2 (AC signal), which will be
described later, is supplied to another one of the plurality
of inputs of the second adder SU2. The second end ep2
is electrically connected to the control device 70 via the
second adder SU2 and the wiring Lc2.
[0038] For example, the controller 74 is configured to
supply the first voltage Vdc1 to a first input of the first
adder SU1. The controller 74 is configured to supply the
first AC voltage Vac1 to a second input of the first adder
SU1. The controller 74 is configured to supply the second
voltage Vdc2 to a third input of the second adder SU2.
The controller 74 is configured to supply the second AC
voltage Vac2 to a fourth input of the second adder SU2.
A first output of the first adder SU1 is electrically con-
nected to the first end ep1. A second output of the second
adder SU2 is electrically connected to the second end
ep2.
[0039] As shown in FIG. 1, the sensor 110 may further
include, for example, a first detection counter electrode
21sE and a second detection counter electrode 22sE.
The first detection counter electrode 21sE and the sec-
ond detection counter electrode 22sE are included in the
sensor element 10U, for example. The movable member
10 further includes a first detection electrode 11sE and
a second detection electrode 12sE.
[0040] The first detection counter electrode 21sE faces
the first detection electrode 11sE. The position of the first
counter electrode for detection 21sE with respect to the
fixed member 10F is fixed. For example, the first detec-
tion counter electrode 21sE is fixed to the base 10s. The
first detection counter electrode 21sE and the first detec-
tion electrode 11sE form a first detection comb-teeth
electrode pair 11sT.
[0041] The second detection counter electrode 22sE
faces the second detection electrode 12sE. The position
of the second detection counter electrode 22sE is fixed
with respect to the fixed member 10F. For example, the
second detection counter electrode 22sE is fixed to the
base 10s. The second detection counter electrode 22sE
and the second detection electrode 12sE form a second
detection comb-teeth electrode pair 12sT.
[0042] The fixed member 10F is provided between the
first electrode 11E and the first detection electrode 11sE
in the first direction D1. The fixed member 10F is provided
between the second electrode 12E and the second de-
tection electrode 12sE in the second direction D2.
[0043] For example, the capacitance between the first
detection counter electrode 21sE and the first detection
electrode 11sE changes according to the vibration of the
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movable member 10. For example, the capacitance be-
tween the second detection counter electrode 22sE and
the second detection electrode 12sE changes according
to the vibration of the movable member 10. A value cor-
responding to the change in capacitance can be detect-
ed.
[0044] As shown in FIG. 1, the control device 70 in-
cludes a first detection section 71 and a second detection
section 72. The first detection section 71 is electrically
connected to the first detection counter electrode 21sE.
The second detection section 72 is electrically connected
to the second detection counter electrode 22sE. The first
detection section 71 and the second detection section
72 are included in a detection section 70s. For example,
by using a differential circuit or the like, the operations of
the first detection section 71 and the second detection
section 72 may be performed by one detection section.
To simplify the explanation, an example in which two de-
tection sections are provided will be explained below.
[0045] The first detection section 71, for example, ap-
plies the first detection voltage Vs1 to the first detection
counter electrode 21sE. A signal corresponding to the
amplitude of the vibration along the first direction D1 is
detected by capacitive coupling between the first detec-
tion counter electrode 21sE and the first detection elec-
trode 11sE. The second detection section 72, for exam-
ple, applies the second detection voltage Vs2 to the sec-
ond detection counter electrode 22sE. A signal corre-
sponding to the amplitude of the vibration along the sec-
ond direction D2 is detected by capacitive coupling be-
tween the second detection counter electrode 22sE and
the second detection electrode 12sE.
[0046] Thus, the first detection section 71 is configured
to detect the first amplitude of the first component of the
vibration of the movable member 10 along the first direc-
tion D1. The second detection section 72 is configured
to detect the second amplitude of the second component
of the vibration of the movable member 10 along the sec-
ond direction D2.
[0047] The controller 74 acquires the first component
from the first detection section 71 and acquires the sec-
ond component from the second detection section 72.
Based on the first component obtained from the first de-
tection section 71 and the second component obtained
from the second detection section 72, the first correction
operation and detection operation are performed.
[0048] The processor 75 may, for example, include an
angle derivation section 75c. The first component and
the second component detected by the first detection
section 71 and the second detection section 72 are sup-
plied to the angle derivation section 75c of the processor
75. The angle derivation section 75c derives an angle θ
(rotational angle) of the vibration of the movable member
10 from the first component and the second component.
Based on the angle θ being derived, the first correction
operation is performed. For example, the difference be-
tween the angle θ being derived and the first direction
D1 corresponds to the first angle θ1.

[0049] As shown in FIG. 1, the first correction value
Vx1 derived by the first correction operation is supplied
to the driver 76. The driver 76 includes, for example, a
first control signal output section DR1, a second control
signal output section DR2, a first voltage output section
Ddcl, and a second voltage output section Ddc2. The first
control signal output section DR1 supplies the first control
signal SR1 to the first resistance element R1. The second
control signal output section DR2 supplies the second
control signal SR2 to the second resistance element R2.
The first voltage output section Ddc1 controls the first
voltage Vdc1 of the first end ep1 of the first resistance
element R1. The second voltage output section Ddc2
controls the second voltage Vdc2 of the second end ep2
of the second resistance element R2. The first voltage
Vdc1 and the second voltage Vdc2 include a direct cur-
rent component.
[0050] For example, a correction value (first correction
value Vx1) is supplied to the first control signal output
section DR1, the second control signal output section
DR2, the first voltage output section Ddcl, and the second
voltage output section Ddc2. Thus, the first control signal
SR1 being corrected, the second control signal SR2 be-
ing corrected, the first voltage Vdc1 being corrected, and
the second voltage Vdc2 being corrected are supplied to
the sensor element 10U.
[0051] In the control operation, the first correction value
Vx1 may include at least one of the first resistance value
or the second resistance value such that the movable
member 10 vibrates along the first direction D1. In this
case, the first correction value Vx1 does not need to be
supplied to the first voltage output section Ddc1 and the
second voltage output section Ddc2.
[0052] For example, a capacitive element is formed by
the first electrode 11E and the first counter electrode 21E.
The first resistance element R1 is connected in series
with the capacitive element. For example, a first variable
electric damper is formed by the first electrode 11E, the
first counter electrode 21E, and the first resistance ele-
ment R1. For example, the first voltage Vdc1 may change
the capacitance of the capacitive element formed by the
first electrode 11E and the first counter electrode 21E.
For example, the first variable electric damper is formed
by the first electrode 11E, the first counter electrode 21E,
the first resistance element R1 and the first voltage Vdc1.
[0053] For example, a capacitive element is formed by
the second electrode 12E and the second counter elec-
trode 22E. The second resistance element R2 is con-
nected in series with the capacitive element. The second
variable electric damper, for example, is formed by the
second electrode 12E, the second counter electrode
22E, and the second resistance element R2. For exam-
ple, the second voltage Vdc2 may change the capaci-
tance of the capacitive element formed by the second
electrode 12E and the second counter electrode 22E.
For example, the second variable electric damper is
formed by the second electrode 12E, the second counter
electrode 22E, the second resistance element R2 and
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the second voltage Vdc2.
[0054] These variable electric dampers are configured
to change the vibration characteristics of the movable
member 10. In the first correction operation, it is possible
to correct the characteristics of these variable electric
dampers.
[0055] As shown in FIG. 1, the sensor 110 may include
a first counter conductive portion 21C and a second coun-
ter conductive portion 22C. The movable member 10 may
further include a first conductive portion 11C and a sec-
ond conductive portion 12C.
[0056] The first counter conductive portion 21C faces
the first conductive portion 11C. The position of the first
counter conductive portion 21C is fixed with respect to
the fixed member 10F. For example, the first counter con-
ductive portion 21C is fixed to the base 10s. For example,
the first counter conductive portion 21C and the first con-
ductive portion 11C form the first parallel plate electrode
pair 11P.
[0057] The second counter conductive portion 22C
faces the second conductive portion 12C. The position
of the second counter conductive portion 22C is fixed
with respect to the fixed member 10F. For example, the
second counter conductive portion 22C is fixed to the
base 10s. For example, the second counter conductive
portion 22C and the second conductive portion 12C form
the second parallel plate electrode pair 12P.
[0058] A third direction D3 from the fixed member 10F
to the first conductive portion 11C crosses the first direc-
tion D1 and the second direction D2. A fourth direction
D4 from the fixed member 10F to the second conductive
portion 12C crosses the first direction D1 and the second
direction D2. The fourth direction D4 crosses the third
direction D3. The third direction D3 and the fourth direc-
tion D4 are along a plane including the first direction D1
and the second direction D2.
[0059] In the embodiment, the controller 74 is config-
ured to apply the first counter conductive portion voltage
Vp1 to the first counter conductive portion 21C. The con-
troller 74 is configured to apply the second counter con-
ductive portion voltage Vp2 to the second counter con-
ductive portion 22C.
[0060] In the embodiment, a second correction oper-
ation described below may be performed. For example,
the controller 74 is configured to further perform the sec-
ond correction operation when the movable member 10
does not receive an external force. In the second correc-
tion operation, the controller 74 generates a second vi-
bration in the movable member 10. The second vibration
includes a third component in the third direction D3 and
a fourth component in the fourth direction D4. In the sec-
ond correction operation, the controller 74 may derive a
second correction value Vx2 based on the third direction
detection result of the third component and the fourth
direction detection result of the fourth component (see
FIG. 1). The second correction value Vx2 includes at least
one of a first counter conductive portion voltage correc-
tion value for the first counter conductive portion voltage

Vp1 and a second counter conductive portion voltage
correction value for the second counter conductive por-
tion voltage Vp2 such that the movable member 10 vi-
brates along the third direction D3.
[0061] The second correction value Vx2 includes, for
example, a second angle θ2 (see FIG. 1) of a difference
between the direction of the second vibration and the
third direction D3. For example, the second correction
operation based on the deviation (second angle θ2) from
the third direction D3 in the direction of the second vibra-
tion is performed.
[0062] For example, the shape of at least one of the
first parallel plate electrode pair 11P or the second par-
allel plate electrode pair 12P may include an unintended
error due to an error in the manufacturing process or the
like. The unintended errors can make the operation using
these parallel plate electrode pairs inaccurate.
[0063] In the embodiment, the second correction op-
eration is performed. The second correction value Vx2
is obtained by the second correction operation. Based
on the second correction value Vx2 being obtained, the
operating condition using the parallel plate electrode pair
is corrected. Thus, the influence of the error is sup-
pressed. According to the embodiment, a sensor capable
of improving accuracy can be provided.
[0064] For example, the operation using the parallel
plate electrode pair includes, for example, a resonance
frequency correction operation. The controller 74 is con-
figured to perform a resonance frequency correction op-
eration. In the resonance frequency correction operation,
the controller 74 is configured to adjust at least one of
the first counter conductive portion voltage Vp1 or the
second counter conductive portion voltage Vp2 such that
the second absolute value of the difference between the
third resonance frequency of the third component and a
fourth resonance frequency of the fourth component be-
comes small.
[0065] For example, by the second correction opera-
tion based on the second correction value Vx2 (For ex-
ample, the second angle θ2), at least one of the first coun-
ter conductive portion voltage Vp1 and the second coun-
ter conductive portion voltage Vp2 is adjusted by correct-
ing the deviation of the resonance frequency. More ac-
curate detection is possible.
[0066] As shown in FIG. 1, for example, the driver 76
may include a first control voltage output section Dp1 and
a second control voltage output section Dp2. The first
control voltage output section Dp1 is connected to the
first counter conductive portion 21C by the wiring Lp1,
for example. The second control voltage output section
Dp2 is connected to the second counter conductive por-
tion 22C by the wiring Lp2, for example. The first control
voltage output section Dp1 applies the first counter con-
ductive portion voltage Vp1 to the first counter conductive
portion 21C. The second control voltage output section
Dp2 applies the second counter conductive portion volt-
age Vp2 to the second counter conductive portion 22C.
[0067] As shown in FIG. 1, the processor 75 may in-
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clude a resonance frequency adjusting section 75b. The
first component obtained from the first detection section
71 and the second component obtained from the second
detection section 72 are supplied to the resonance fre-
quency adjusting section 75b. The resonance frequency
adjusting section 75b controls at least one of the first
control voltage output section Dp1 and the second control
voltage output section Dp2 to control the first counter
conductive portion voltage Vp1 and the second counter
conductive portion voltage Vp2. At this time, at least one
of the first counter conductive portion voltage Vp1 being
corrected and the second counter conductive portion
voltage Vp2 being corrected may be supplied to the sen-
sor element 10U.
[0068] For example, the direction of displacement of
the movable member 10 when the first counter conduc-
tive portion voltage Vp1 changes crosses the direction
of displacement of the movable member 10 when the
second counter conductive portion voltage Vp2 changes.
By the plurality of variable electric springs corresponding
to the plurality of directions of the displacement, the res-
onance frequency can be controlled in any direction.
[0069] As shown in FIG. 1, in the embodiment, the sec-
ond correction value Vx2 may be supplied to the first
control voltage output section Dp1 and the second control
voltage output section Dp2. Accordingly, the first counter
conductive portion voltage Vp1 being corrected and the
second counter conductive portion voltage Vp2 being
corrected can be supplied to the sensor element 10U.
For example, the resonance frequency control is correct-
ed. The resonance frequency can be controlled with high-
er accuracy.
[0070] Thus, the controller 74 is configured to adjust
at least one of the first counter conductive portion voltage
Vp1 of the first counter conductive portion 21C or the
second counter conductive portion voltage Vp2 of the
second counter conductive portion 22C based on the
second correction value Vx2.
[0071] As shown in FIG. 1, the driver 76 may include
a first AC voltage output section Dac1 and a second AC
voltage output section Dac2. The first AC voltage Vac1
is output from the first AC voltage output section Dac1.
The first AC voltage Vac1 is applied to the first end ep1
of the first resistance element R1 via the first adder SU1.
The first AC voltage Vac1 is applied to the first counter
electrode 21E via the first resistance element R1. An AC
component of the first AC voltage Vac1 is applied be-
tween the first counter electrode 21E and the first elec-
trode 11E. Thus, the movable member 10 vibrates along
one direction, for example, according to the first AC volt-
age Vac1. The vibration direction includes, for example,
a component in the first direction D1.
[0072] The second AC voltage Vac2 is output from the
second AC voltage output section Dac2. The second AC
voltage Vac2 is applied to the second end ep2 of the
second resistance element R2 via the second adder SU2.
The second AC voltage Vac2 is applied to the second
counter electrode 22E via the second resistance element

R2. An AC component of the second AC voltage Vac2
is applied between the second counter electrode 22E
and the second electrode 12E. Thus, the movable mem-
ber 10 vibrates along another direction, for example, ac-
cording to the second AC voltage Vac2. The vibration
direction includes, for example, a component in the sec-
ond direction D2.
[0073] For example, in the first correction operation,
the movable member 10 is vibrated by the first AC voltage
output section Dac1 and the second AC voltage output
section Dac2. By detecting this vibration, the first correc-
tion value Vx1 can be derived.
[0074] In the detection operation as well, the movable
member 10 is vibrated by the first AC voltage output sec-
tion Dac1 and the second AC voltage output section
Dac2. For example, the controller 74 is configured to per-
form the detection operation. In the detection operation,
the controller 74 applies the first AC voltage Vac1 be-
tween the first electrode 11E and the first counter elec-
trode 21E and applies the second AC voltage Vac2 be-
tween the second electrode 12E and the second counter
electrode 22E to vibrate the movable member 10.
[0075] The controller 74 is configured to detect the ex-
ternal force based on the change of the first component
and the second component of the vibration when the
movable member 10 receives the external force in the
detection operation.
[0076] The controller 74 corrects the vibration of the
movable member 10 based on the first correction value
Vx1 in the detection operation. In the detection operation,
the controller 74 supplies, for example, the first control
signal SR1 being corrected, the second control signal
SR2 being corrected, the first voltage Vdc1 being cor-
rected, and the second voltage Vdc2 being corrected to
the sensor element 10U. The controller 74 supplies, for
example, the first counter conductive portion voltage Vp1
being corrected and the second counter conductive por-
tion voltage Vp2 being corrected to the sensor element
10U. Detection with high accuracy is possible.
[0077] In the first correction operation and the detec-
tion operation, the direction of displacement of the mov-
able member 10 when the first voltage Vdc1 changes
crosses the direction of displacement of the movable
member 10 when the second voltage Vdc2 changes.
[0078] In the embodiment, for example, the first com-
ponent and second component of the vibration when the
movable member 10 receives an external force may in-
clude a component of the Coriolis force based on the
rotational angular velocity acting on the movable member
10. The degree of the component of Coriolis force is de-
tected. Thereby, the rotational angular velocity acting on
the movable member 10 may be detected.
[0079] For example, when the movable member 10 vi-
brating rotates by an external force or the like, the vibra-
tion state changes. The change of the vibration state is
considered to be caused by the action of Coriolis force,
for example. For example, the movable member 10 vi-
brates by a spring mechanism (e.g., the support member
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10S). The Coriolis force by angular velocity Ω of rotation
acts on the movable member 10 vibrating in the first di-
rection D1. As a result, a component of vibration along
the second direction D2 is generated in the movable
member 10. The second detection section 72 detects the
amplitude of the vibration along the second direction D2.
On the other hand, The Coriolis force due to angular ve-
locity Ω of rotation acts on the movable member 10 vi-
brating in the second direction D2. As a result, a compo-
nent of vibration along the first direction D1 is generated
in the movable member 10. The first detection section
71 detects the amplitude of the vibration along the first
direction D1. For example, the amplitude of the first com-
ponent in the first direction D1 is defined as "Ax", and the
amplitude of the second component in the second direc-
tion D2 is defined as "Ay". The angle θ (rotation angle)
corresponds to tan-1 (-Ay/Ax), for example.
[0080] The controller 74 acquires the first component
from the first detection section 71 and acquires the sec-
ond component from the second detection section 72. A
signal (signal Sig0) corresponding to the angle θ (rotation
angle) may be output from the controller 74 by the oper-
ation performed by the controller 74.
[0081] As described above, in the detection operation,
the movable member 10 vibrates on an elliptical orbit.
The elliptical orbit includes a first length x1 in the long
axis direction of the elliptical orbit and a second length
x2 in the short axis direction of the elliptical orbit. The
first value E is (x1)2 + (x2)2. The second value Q is the
product of x1 and x2.
[0082] The controller 74 may perform a first control op-
eration and a second control operation. In the first control
operation, the controller 74 obtains the first value E and
supplies the first driving force to the movable member 10
to keep the first value E constant. In the second control
operation, the controller 74 obtains the second value Q
and supplies the second driving force to the movable
member 10 to keep the second value Q constant. By
such an operation, information on the resonance fre-
quency may be obtained.
[0083] In the embodiment, the controller 74 may further
perform a time constant correction operation. In the time
constant correction operation, the controller 74 changes
at least one of the first resistance value, the second re-
sistance value, the first voltage Vdcl, or the second volt-
age Vdc2 such that a third absolute value of the difference
between a first time constant of the first component of
the first direction D1 of the vibration and the second time
constant of the second direction D2 second component
of the vibration becomes small.
[0084] As shown in FIG. 1, for example, the processor
75 may include a time constant adjusting section 75a.
The first component obtained from the first detection sec-
tion 71 and the second component obtained from the
second detection section 72 are supplied to the time con-
stant adjusting section 75a. The time constant adjusting
section 75a controls at least one of the first control signal
output section DR1, the second control signal output sec-

tion DR2, the first voltage output section Ddcl, or the sec-
ond voltage output section Ddc2 to change at least one
of the first resistance value, the second resistance value,
the first voltage Vdcl, or the second voltage Vdc2. At this
time, at least one of the first resistance value being cor-
rected, the second resistance value being corrected, the
first voltage Vdc1 being corrected, or the second voltage
Vdc2 being corrected may be supplied to the sensor el-
ement 10U.
[0085] In the embodiment, the controller 74 may further
perform a temperature correction operation. For exam-
ple, the third absolute value (absolute value of the differ-
ence between the first time constant of the first compo-
nent of the vibration and the second time constant of the
second component of the vibration) is changed by a tem-
perature change. The controller 74 is configured to cor-
rect the change of the third absolute value due to the
temperature change.

Second Embodiment

[0086] In the second embodiment, the first correction
operation may include the following variations. For ex-
ample, in the first correction operation, the first correction
value Vx1 may further include at least one of a first coun-
ter conductive portion voltage correction value for the
first counter conductive portion voltage Vp1 or a second
counter conductive portion voltage correction value for
the second counter conductive portion voltage Vp2 such
that the movable member 10 oscillates along the first
direction D1.
[0087] For example, as described above, when the first
correction operation is based on the vibration of the first
electrode 11E and the second electrode 12E, the first
absolute value of the angle between the direction of the
vibration after the correction and the first direction D1 is
equal to or less than the first threshold value. In this case,
the first absolute value of the angle between the direction
of the corrected vibration and the first direction D1 may
not be sufficiently small. In this case, the correction of
the first counter conductive portion voltage Vp1 and the
correction of the second counter conductive portion volt-
age Vp2 may be further performed. In this way, it is also
possible to perform more accurate correction.
[0088] In such a deformation of the first correction op-
eration, for example, the absolute value of the angle be-
tween the direction of vibration due to at least one of the
first counter conductive portion voltage correction value
or the second counter conductive portion voltage correc-
tion value and the first direction D1 can be smaller than
the first threshold value. For example, the difference in
the angle from the first direction D1 can be made smaller.
[0089] As described above, in the first correction op-
eration, the movable member 10 may vibrate along the
first direction D1 with higher accuracy by correcting at
least one of the first counter conductive portion voltage
Vp1 or the second counter conductive portion voltage
Vp2.
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[0090] The embodiments may include the following
configurations (e.g., technical proposals).

Configuration 1

[0091] A sensor, comprising:

a fixed member;
a movable member supported by the fixed member,
the movable member including a first electrode and
a second electrode, a first direction from the fixed
member to the first electrode crossing a second di-
rection from the fixed member to the second elec-
trode;
a first counter electrode facing the first electrode, a
position of the first counter electrode with respect to
the fixed member being fixed, the first counter elec-
trode and the first electrode forming a first comb-
teeth electrode pair;
a second counter electrode facing the second elec-
trode, a position of the second counter electrode with
respect to the fixed member being fixed, the second
counter electrode and the second electrode forming
a second comb-teeth electrode pair;
a first resistance element including a first end and a
first other end, the first other end being electrically
connected to the first counter electrode, the first re-
sistance element having a first resistance value;
a second resistance element including a second end
and a second other end, the second other end being
electrically connected to the second counter elec-
trode, the second resistance element having a sec-
ond resistance value; and
a control device including a controller,
the controller being configured to apply a first voltage
to the first end and a second voltage to the second
end,
the controller being configured to perform a first cor-
rection operation in a state where the movable mem-
ber does not receive an external force,
in the first correction operation, the controller being
configured to cause the movable member to gener-
ate a first vibration, the first vibration including a first
component in the first direction and a second com-
ponent in the second direction,
in the first correction operation, the controller being
configured to derive a first correction value based on
a first detection result of the first component and a
second detection result of the second component,
and
the first correction value including at least one of a
first resistance correction value for the first resist-
ance value, a second resistance correction value for
the second resistance value, a first voltage correc-
tion value for the first voltage, or a second voltage
correction value for the second voltage such that the
movable member vibrates along the first direction.

Configuration 2

[0092] The sensor according to Configuration 1,
wherein
the first correction value includes a first angle between
a direction of the first vibration and the first direction.

Configuration 3

[0093] The sensor according to Configuration 2,
wherein
a first absolute value of an angle between a direction of
a vibration due to at least one of the first resistance cor-
rection value, the second resistance correction value, the
first voltage correction value, or the second voltage cor-
rection value, and the first direction is equal to or less
than a first threshold value.

Configuration 4

[0094] The sensor according to any one of Configura-
tions 1-3, further comprising:

a first detection counter electrode; and
a second detection counter electrode,
the movable member further including a first detec-
tion electrode and a second detection electrode,
the first detection counter electrode facing the first
detection electrode,
a position of the first detection counter electrode with
respect to the fixed member being fixed,
the first detection counter electrode and the first de-
tection electrode forming a first detection comb-teeth
electrode pair,
the second detection counter electrode facing the
second detection electrode,
a position of the second detection counter electrode
with respect to the fixed member being fixed,
the second detection counter electrode and the sec-
ond detection electrode forming a second detection
comb-teeth electrode pair,
the fixed member being provided between the first
electrode and the first detection electrode in the first
direction, and
the fixed member being provided between the sec-
ond electrode and the second detection electrode in
the second direction.

Configuration 5

[0095] The sensor according to Configuration 4,
wherein

the control device includes

a first detection section configured to detect a
first amplitude of the first component, and
a second detection section configured to detect
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a second amplitude of the second component,
and

the controller is configured to acquire the first com-
ponent from the first detection section and to acquire
the second component from the second detection
section.

Configuration 6

[0096] The sensor according to Configuration 3, further
comprising:

a first counter conductive portion; and
a second counter conductive portion,
the movable member further including a first conduc-
tive portion and a second conductive portion,
the first counter conductive portion facing the first
conductive portion,
a position of the first counter conductive portion with
respect to the fixed member being fixed,
the second counter conductive portion facing the
second conductive portion,
a position of the second counter conductive portion
with respect to the fixed member being fixed,
a third direction from the fixed member to the first
conductive portion crossing the first direction and the
second direction,
a fourth direction from the fixed member to the sec-
ond conductive portion crossing the first direction
and the second direction, and crossing the third di-
rection, and
the third direction and the fourth direction being along
a plane including the first direction and the second
direction.

Configuration 7

[0097] The sensor according to Configuration 6,
wherein

the controller is configured to apply a first counter
conductive portion voltage to the first counter con-
ductive portion, and to apply a second counter con-
ductive portion voltage to the second counter con-
ductive portion,
the controller is configured to further perform a sec-
ond correction operation in a state where the mov-
able member does not receive the external force,
in the second correction operation, the controller is
configured to causes the movable member to gen-
erate a second vibration, the second vibration in-
cludes a third component in the third direction and a
fourth component in the fourth direction,
in the second correction operation, the controller is
configured to derive a second correction value based
on a third direction detection result of the third com-
ponent and a fourth direction detection result of the

fourth component, and
the second correction value includes at least one of
a first counter conductive portion voltage correction
value for the first counter conductive portion voltage
and a second counter conductive portion voltage cor-
rection value for the second counter conductive por-
tion voltage such that the movable member vibrates
along the third direction.

Configuration 8

[0098] The sensor according to Configuration 7,
wherein

the controller is configured to perform a resonance
frequency correction operation, and
in the resonance frequency correction operation, the
controller is configured to adjust at least one of the
first counter conductive portion voltage or the second
counter conductive portion voltage such that a sec-
ond absolute value of a difference between a third
resonance frequency of the third component and a
fourth resonance frequency of the fourth component
becomes small.

Configuration 9

[0099] The sensor according to Configuration 6,
wherein

the controller is configured to apply a first counter
conductive portion voltage to the first counter con-
ductive portion, and can apply a second counter con-
ductive portion voltage to the second counter con-
ductive portion, and
the first correction value further includes at least one
of a first counter conductor voltage correction value
for the first counter conductor voltage and a second
counter conductor voltage correction value for the
second counter conductor voltage.

Configuration 10

[0100] The sensor according to Configuration 9,
wherein
an absolute value of the angle between a direction of a
vibration caused by at least one of the first counter con-
ductive portion voltage correction value and the second
counter conductive portion voltage and the first direction
is less than the first threshold.

Configuration 11

[0101] The sensor according to any one of Configura-
tions 6-10, wherein

the first counter conductive portion and the first con-
ductive portion form a first parallel plate electrode
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pair, and
the second counter conductive portion and the sec-
ond conductive portion form a second parallel plate
electrode pair.

Configuration 12

[0102] The sensor according to any one of Configura-
tions 1-11, wherein

the controller is configured to further perform a de-
tection operation,
in the detection operation, the controller is configured
to apply a first AC voltage between the first electrode
and the first counter electrode and to apply a second
AC voltage between the second electrode and the
second counter electrode to vibrate the movable
member, and
the controller is configured to detect the external
force based on a change of the first component and
the second component when the movable member
receives the external force in the detection operation.

Configuration 13

[0103] The sensor according to Configuration 12,
wherein
the controller is configured to correct a vibration of the
movable member based on the first correction value in
the detection operation.

Configuration 14

[0104] The sensor according to Configuration 13,
wherein
the first component and the second component when the
movable member receives the external force include a
component of a Coriolis force based on a rotational an-
gular velocity acting on the movable member.

Configuration 15

[0105] The sensor according to any one of Configura-
tions 12-14, wherein

in the detection operation, the movable member os-
cillates in an elliptical orbit,
the elliptical orbit includes a first length x1 in a long
axis direction of the elliptical orbit and a second
length x2 in a short axis direction of the elliptical orbit,
a first value E is (x1)2 + (x2)2,
a second value Q is a product of x1 and x2,
the controller is configured to perform a first control
operation and a second control operation,
in the first control operation, the controller is config-
ured to obtain the first value E and to supply a first
driving force to the movable member to keep the first
value E constant, and

in the second control operation, the controller is con-
figured to obtain the second value Q and to supply
a second driving force to the movable member to
keep the second value Q constant.

Configuration 16

[0106] The sensor according to any one of Configura-
tions 12-15, wherein

the controller is configured to further perform a time
constant correction operation, and
the controller is configured to change at least one of
the first resistance value, the second resistance val-
ue, the first voltage, or the second voltage such that
a third absolute value of a difference between the
first time constant of the first component and the sec-
ond time constant of the second component is small.

Configuration 17

[0107] The sensor according to Configuration 16,
wherein

the third absolute value changes with a temperature
change, and
the controller is configured to correct a change in the
third absolute value due to the temperature change.

Configuration 18

[0108] The sensor according to any one of Configura-
tions 1-17, further comprising:

a support member being deformable,
a portion of the support member being supported by
the fixed member, and
another portion of the support member supporting
the movable member.

Configuration 19

[0109] The sensor according to any one of Configura-
tions 1-10, further comprising:

a first adder; and
a second adder,
the controller being configured to supply the first volt-
age to a first input of the first adder,
the controller being configured to supply a first AC
voltage to a second input of the first adder,
the controller being configured to supply the second
voltage to a third input of the second adder,
the controller being configured to supply a second
AC voltage to a fourth input of the second adder,
a first output of the first adder being electrically con-
nected to the first end, and
a second output of the second adder being electri-
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cally connected to the second end.

Configuration 20

[0110] The sensor, comprising:
a fixed member:

a movable member supported by the fixed member,
the movable member including a first conductive por-
tion and a second conductive portion, a third direc-
tion from the fixed member to the first conductive
portion crossing a fourth direction from the fixed
member to the second conductive portion;
a first counter conductive portion facing the first con-
ductive portion, a position of the first counter con-
ductive portion with respect to the fixed member be-
ing fixed, the first counter conductive portion and the
first conductive portion forming a first parallel plate
electrode pair;
a second counter conductive portion facing the sec-
ond conductive portion, a position of the second
counter conductive portion with respect to the fixed
member being fixed, the second counter conductive
portion and the second conductive portion forming
a second parallel plate electrode pair; and
a control device including a controller,
the controller being configured to apply a first counter
conductive portion voltage to the first counter con-
ductive portion, and to apply a second counter con-
ductive portion voltage to the second counter con-
ductive portion,
the controller being configured to perform a second
correction operation in a state where the movable
member does not receive an external force,
in the second correction operation, the controller be-
ing configured to generate a second vibration in the
movable member, the second vibration including a
third direction component in the third direction and
a fourth direction component in the fourth direction,
in the second correction operation, the controller be-
ing configured to derive a second correction value
based on a third direction detection result of the third
direction component and a fourth direction detection
result of the fourth direction component, and
the second correction value including at least one of
a first counter conductive portion voltage correction
value for the first counter conductive portion voltage
and a second counter conductive portion voltage cor-
rection value for the second counter conductive por-
tion voltage such that the movable member vibrates
along the first direction.

[0111] According to the embodiments, it is possible to
provide a sensor capable of improving accuracy.
[0112] In the specification of the application, "perpen-
dicular" and "parallel" refer to not only strictly perpendic-
ular and strictly parallel but also include, for example, the
fluctuation due to manufacturing processes, etc. It is suf-

ficient to be substantially perpendicular and substantially
parallel.
[0113] Hereinabove, exemplary embodiments of the
invention are described with reference to specific exam-
ples. However, the embodiments of the invention are not
limited to these specific examples. For example, one
skilled in the art may similarly practice the invention by
appropriately selecting specific configurations of compo-
nents included in sensors such as movable members,
electrodes, conductive portions, controllers, etc., from
known art. Such practice is included in the scope of the
invention to the extent that similar effects thereto are ob-
tained.
[0114] Further, any two or more components of the
specific examples may be combined within the extent of
technical feasibility and are included in the scope of the
invention to the extent that the purport of the invention is
included.
[0115] Moreover, all sensors practicable by an appro-
priate design modification by one skilled in the art based
on the sensors described above as embodiments of the
invention also are within the scope of the invention to the
extent that the purport of the invention is included.
[0116] Various other variations and modifications can
be conceived by those skilled in the art within the spirit
of the invention, and it is understood that such variations
and modifications are also encompassed within the
scope of the invention.
[0117] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the invention.

Claims

1. A sensor, comprising:

a fixed member;
a movable member supported by the fixed mem-
ber, the movable member including a first elec-
trode and a second electrode, a first direction
from the fixed member to the first electrode
crossing a second direction from the fixed mem-
ber to the second electrode;
a first counter electrode facing the first electrode,
a position of the first counter electrode with re-
spect to the fixed member being fixed, the first
counter electrode and the first electrode forming
a first comb-teeth electrode pair;
a second counter electrode facing the second
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electrode, a position of the second counter elec-
trode with respect to the fixed member being
fixed, the second counter electrode and the sec-
ond electrode forming a second comb-teeth
electrode pair;
a first resistance element including a first end
and a first other end, the first other end being
electrically connected to the first counter elec-
trode, the first resistance element having a first
resistance value;
a second resistance element including a second
end and a second other end, the second other
end being electrically connected to the second
counter electrode, the second resistance ele-
ment having a second resistance value; and
a control device including a controller,
the controller being configured to apply a first
voltage to the first end and a second voltage to
the second end,
the controller being configured to perform a first
correction operation in a state where the mova-
ble member does not receive an external force,
in the first correction operation, the controller be-
ing configured to cause the movable member to
generate a first vibration, the first vibration in-
cluding a first component in the first direction
and a second component in the second direc-
tion,
in the first correction operation, the controller be-
ing configured to derive a first correction value
based on a first detection result of the first com-
ponent and a second detection result of the sec-
ond component, and
the first correction value including at least one
of a first resistance correction value for the first
resistance value, a second resistance correction
value for the second resistance value, a first volt-
age correction value for the first voltage, or a
second voltage correction value for the second
voltage such that the movable member vibrates
along the first direction.

2. The sensor according to claim 1, wherein
the first correction value includes a first angle be-
tween a direction of the first vibration and the first
direction.

3. The sensor according to claim 2, wherein
a first absolute value of an angle between a direction
of a vibration due to at least one of the first resistance
correction value, the second resistance correction
value, the first voltage correction value, or the sec-
ond voltage correction value, and the first direction
is equal to or less than a first threshold value.

4. The sensor according to any one of claims 1-3, fur-
ther comprising:

a first detection counter electrode; and
a second detection counter electrode,
the movable member further including a first de-
tection electrode and a second detection elec-
trode,
the first detection counter electrode facing the
first detection electrode,
a position of the first detection counter electrode
with respect to the fixed member being fixed,
the first detection counter electrode and the first
detection electrode forming a first detection
comb-teeth electrode pair,
the second detection counter electrode facing
the second detection electrode,
a position of the second detection counter elec-
trode with respect to the fixed member being
fixed,
the second detection counter electrode and the
second detection electrode forming a second
detection comb-teeth electrode pair,
the fixed member being provided between the
first electrode and the first detection electrode
in the first direction, and
the fixed member being provided between the
second electrode and the second detection
electrode in the second direction.

5. The sensor according to claim 3, further comprising:

a first counter conductive portion; and
a second counter conductive portion,
the movable member further including a first
conductive portion and a second conductive
portion,
the first counter conductive portion facing the
first conductive portion,
a position of the first counter conductive portion
with respect to the fixed member being fixed,
the second counter conductive portion facing
the second conductive portion,
a position of the second counter conductive por-
tion with respect to the fixed member being fixed,
a third direction from the fixed member to the
first conductive portion crossing the first direc-
tion and the second direction,
a fourth direction from the fixed member to the
second conductive portion crossing the first di-
rection and the second direction, and crossing
the third direction, and
the third direction and the fourth direction being
along a plane including the first direction and the
second direction.

6. The sensor according to claim 5, wherein

the controller is configured to apply a first coun-
ter conductive portion voltage to the first counter
conductive portion, and to apply a second coun-

23 24 



EP 4 425 098 A1

14

5

10

15

20

25

30

35

40

45

50

55

ter conductive portion voltage to the second
counter conductive portion,
the controller is configured to further perform a
second correction operation in a state where the
movable member does not receive the external
force,
in the second correction operation, the controller
is configured to causes the movable member to
generate a second vibration, the second vibra-
tion includes a third component in the third di-
rection and a fourth component in the fourth di-
rection,
in the second correction operation, the controller
is configured to derive a second correction value
based on a third direction detection result of the
third component and a fourth direction detection
result of the fourth component, and
the second correction value includes at least one
of a first counter conductive portion voltage cor-
rection value for the first counter conductive por-
tion voltage and a second counter conductive
portion voltage correction value for the second
counter conductive portion voltage such that the
movable member vibrates along the third direc-
tion.

7. The sensor according to claim 6, wherein

the controller is configured to perform a reso-
nance frequency correction operation, and
in the resonance frequency correction opera-
tion, the controller is configured to adjust at least
one of the first counter conductive portion volt-
age or the second counter conductive portion
voltage such that a second absolute value of a
difference between a third resonance frequency
of the third component and a fourth resonance
frequency of the fourth component becomes
small.

8. The sensor according to claim 5, wherein

the controller is configured to apply a first coun-
ter conductive portion voltage to the first counter
conductive portion, and can apply a second
counter conductive portion voltage to the sec-
ond counter conductive portion, and
the first correction value further includes at least
one of a first counter conductor voltage correc-
tion value for the first counter conductor voltage
and a second counter conductor voltage correc-
tion value for the second counter conductor volt-
age.

9. The sensor according to any one of claims 1-8,
wherein

the controller is configured to further perform a

detection operation,
in the detection operation, the controller is con-
figured to apply a first AC voltage between the
first electrode and the first counter electrode and
to apply a second AC voltage between the sec-
ond electrode and the second counter electrode
to vibrate the movable member, and
the controller is configured to detect the external
force based on a change of the first component
and the second component when the movable
member receives the external force in the de-
tection operation.

10. The sensor according to claim 9, wherein
the controller is configured to correct a vibration of
the movable member based on the first correction
value in the detection operation.

11. The sensor according to claim 9 or 10, wherein

in the detection operation, the movable member
oscillates in an elliptical orbit,
the elliptical orbit includes a first length x1 in a
long axis direction of the elliptical orbit and a
second length x2 in a short axis direction of the
elliptical orbit,
a first value E is (x1)2 + (x2)2,
a second value Q is a product of x1 and x2,
the controller is configured to perform a first con-
trol operation and a second control operation,
in the first control operation, the controller is con-
figured to obtain the first value E and to supply
a first driving force to the movable member to
keep the first value E constant, and
in the second control operation, the controller is
configured to obtain the second value Q and to
supply a second driving force to the movable
member to keep the second value Q constant.

12. The sensor according to any one of claims 9-11,
wherein

the controller is configured to further perform a
time constant correction operation, and
the controller is configured to change at least
one of the first resistance value, the second re-
sistance value, the first voltage, or the second
voltage such that a third absolute value of a dif-
ference between the first time constant of the
first component and the second time constant
of the second component is small.

13. The sensor according to claim 12, wherein

the third absolute value changes with a temper-
ature change, and
the controller is configured to correct a change
in the third absolute value due to the tempera-
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ture change.

14. The sensor according to any one of claims 1-8, fur-
ther comprising:

a first adder; and
a second adder,
the controller being configured to supply the first
voltage to a first input of the first adder,
the controller being configured to supply a first
AC voltage to a second input of the first adder,
the controller being configured to supply the sec-
ond voltage to a third input of the second adder,
the controller being configured to supply a sec-
ond AC voltage to a fourth input of the second
adder,
a first output of the first adder being electrically
connected to the first end, and
a second output of the second adder being elec-
trically connected to the second end.

15. A sensor, comprising:
a fixed member:

a movable member supported by the fixed mem-
ber, the movable member including a first con-
ductive portion and a second conductive portion,
a third direction from the fixed member to the
first conductive portion crossing a fourth direc-
tion from the fixed member to the second con-
ductive portion;
a first counter conductive portion facing the first
conductive portion, a position of the first counter
conductive portion with respect to the fixed
member being fixed, the first counter conductive
portion and the first conductive portion forming
a first parallel plate electrode pair;
a second counter conductive portion facing the
second conductive portion, a position of the sec-
ond counter conductive portion with respect to
the fixed member being fixed, the second coun-
ter conductive portion and the second conduc-
tive portion forming a second parallel plate elec-
trode pair; and

a control device including a controller,

the controller being configured to apply a first
counter conductive portion voltage to the first
counter conductive portion, and to apply a sec-
ond counter conductive portion voltage to the
second counter conductive portion,
the controller being configured to perform a sec-
ond correction operation in a state where the
movable member does not receive an external
force,
in the second correction operation, the controller
being configured to generate a second vibration

in the movable member, the second vibration
including a third direction component in the third
direction and a fourth direction component in the
fourth direction,
in the second correction operation, the controller
being configured to derive a second correction
value based on a third direction detection result
of the third direction component and a fourth di-
rection detection result of the fourth direction
component, and
the second correction value including at least
one of a first counter conductive portion voltage
correction value for the first counter conductive
portion voltage and a second counter conduc-
tive portion voltage correction value for the sec-
ond counter conductive portion voltage such
that the movable member vibrates along the first
direction.
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